S1
-Consecutive scans using the same spot for the Mo L 2,3 -edge XAS of nitrogenase in its oxidized and reduced forms Figure S1 -Consecutive Scans for the Mo L 2,3 edges XAS of nitrogenase in its oxidized form collected at the same sample spot (An offset, equivalent to the averaged raw intensity in the energy region from 2500 to 2510 eV, was applied for clarity).
Figure S2-Consecutive Scans for the Mo L 2,3 edges XAS of nitrogenase in its reduced form collected at the same sample spot(An offset, equivalent to the averaged raw intensity in the energy region from 2500 to 2510 eV, was applied for clarity). Figure S4 -Example of switch-like background used to match the raw data of N2ase in its oxidized form to the Mo L3-edge XAS of compound 7 (FeMoCo Table S1 . Optimized parameters used to reproduce Figure 1 , which compares the Mo L 3 -edge data of nitrogenase in both of its reduced and oxidized forms to the previously reported FeMoCo data. 1-. For double cubanes (4-6) only orbitals of one molybdenum is shown. The spin population on the other molybdenum is almost exactly the same and the orbitals look identical.
S2 -Matching Background

